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Chemical Bonds. Lewis Symbols, and the Octet rule ; 

Chemical bonding involves mainly the attempt to achieve the rare gas number of 
valence electrons. 

This can be achieved in several ways. 

Ionic bond: Electrons are mainly the property of one of the two atoms forming the 
bond. 

Covalent bond: Electrons are shared so that each atom has a noble gas electronic 
configuration. 

Metallic bonds. Electrons are lost into the conduction band. 



Ionic Bonding : 

This occurs between metallic elements from the left-hand side of the periodic table 
and non-metallic elements from the right hand side of the periodic table. 



Na. 



:CI. = Na 



[:CI :]' 



Note that Na gives up its lone valence electron to Cl, so that they both end up with an 
octet of electrons. 

Ionic Bonding 

Sodium metal reacts with chlorine gas in a violently exothermic reaction to produce 
NaCl (composed of Na + and Cl' ions): 

2Na(s) + Cl 2 (g) -> 2NaCl(s) 

These ions are arranged in solid NaCl in a regular three-dimensional arrangement 
(or lattice) : Slice through a NaCl crystal 

The chlorine has a high affinity for electrons, and the 
sodium has a low ionization potential. Thus the chlorine 
gains an electron from the sodium atom. 

This can be represented using electron-dot symbols 
(here we will consider one chlorine atom, rather than Cl 2 ): 



( cl " 


) ( C1 ‘ 


V Cl- 


) ( Cl- ) 






Na-fc^j 




Il|sfa+) 


{ C1 ‘ 


IT ci_ 


II C1 " 


) ( Cl- ) 




Ma-K j 






a+ . 


( Cl- 


TT Cl- 


T7 ci- 


IT ci_ ) 








sTa-K^ 


~IiSTa+) 


( cl " 


jT ei- 


H C1 " 


TT c >- ) 




>Ta+f' $ 


k Ja+J' 


^a+|” - 







Inorganic chemistry *** Lecturer . 7 

Na’^+ja: — - Na + + [:C1:]' 

The arrow indicates the transfer of the electron from sodium to chlorine to form the 
Na + metal ion and the Cl" chloride ion. Each ion now has an octet of electrons in its 
valence shell: 

Na + 2s 2 2p 6 
Cl 3s 2 3p 6 

Ionic Compounds 

ionic compounds consist of a lattice of positive and negative ions . 

Energetics of Ionic Bond Formation 

The formation of ionic compounds (like the addition of sodium metal and chlorine 
gas to form NaCl) are usually extremely exothermic. 

The loss of an electron from an element: 

• Always endothermic (takes energy to strip the e' from the atom) 

. Na(g) -> Na + (g) + le AH = 496 kj/mol 

The gain of an electron by a nonmetal: 

• Generally exothermic (energy released) 

. Cl(g) + le -> Cl (g) AH = -349 kj/mol 

The formation of NaCl from Na and Cl would thus require the input of 147 kj/mol. 
However, it appears to be a highly exothermic reaction. 

Ionic compounds are stable due to the attraction between unlike charges : 

• The ions are drawn together 

• Energy is released 

• Ions form solid lattice 

Lattice energy: 

the energy required to separate completely a mole of a solid ionic compound into its 
gaseous ions 
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